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ABSTRACT

Background & Aims: Recent studies have evaluated the relationship associating non-alcoholic fatty liver
disease (NAFLD) with several electrocardiogram (ECG) findings, but the results have been inconsistent. The
aim of this systematic review is to assess the association between NAFLD with ECG modifications.
Methods: We conducted a systematic search on PubMed with predefined keywords identifying observational
studies published till 22 February 2019 with NAFLD diagnosed either by biopsy, imaging, surrogate markers or
ICD code and ECG findings by either a standard ECG, 24-hour Holter ECG or ICD code. Quality assessment
was performed using the quality assessment tools from the National Heart, Lung, and Blood Institute.
Results: A total of 20 observational studies (1 case-control, 4 cohort, 15 cross-sectional studies, 401,745
individuals) were included. Twelve studies evaluated cardiac arrhythmias in NAFLD subjects, out of which 10
evaluated atrial fibrillation (AF). Although results were inconsistent, most studies rated as “good” demonstrated
that hepatic steatosis was independently associated with an increased risk for prevalent AF in NAFLD patients.
Diabetic patients with NAFLD were associated with an increased risk of ventricular arrhythmias in only one
study rated as “good”. Two studies rated as “good” demonstrated that hepatic steatosis was associated with a
prolonged QTc interval. Four studies supported the association between cardiac conduction abnormalities
and NAFLD, out of which two were rated as “good”. Two studies assessed ECG modifications of ischemic heart
disease (IHD), but only one having a “good” rating confirmed this independent association.

Conclusions: Studies of high quality and with low risk of bias demonstrated that NAFLD is independently
associated with AF, a prolonged QTc interval, bundle branch and atrioventricular blocks. Diabetic patients
with NAFLD present an increased risk for developing ventricular arrhythmias.

Key words: non-alcoholic fatty liver disease — NAFLD - electrocardiogram — cardiac arrhythmias — atrial
fibrillation — systematic review.

Abbreviations: AF: atrial fibrillation; AV: atrioventricular; CLD: chronic liver disease; CT: computed
tomography; CV: cardiovascular; CVD: cardiovascular disease; DM: diabetes mellitus; ECG: electrocardiogram;
FLI fatty liver index; GGT: y-glutamyl transpeptidase; ICD: International Classification of Diseases; IHD:
ischemic heart disease; LVH: left ventricular hypertrophy; MRI: magnetic resonance imaging; NAFL: non-
alcoholic fatty liver; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; NHLBI:
National Heart, Lung, and Blood Institute; QTc interval: heart rate corrected QT interval; PRISMA: preferred
reporting items for systematic reviews and meta-analyses; RBBB: right bundle branch block; SCD: sudden
cardiac death; TE: transient elastography.

INTRODUCTION becoming the most common cause of chronic liver disease
(CLD) in Western countries with an estimated prevalence
of 10%-40% in adults worldwide [2]. It has been found to
be associated with multiple cardiovascular (CV) risk factors
including insulin resistance and other metabolic disorders
increasing in prevalence, such as type 2 diabetes mellitus (DM)
and obesity [3].

Over the last decade, NAFLD has been found to be
associated with an increased liver-related morbidity and

Non-alcoholic fatty liver
disease (NAFLD) was first
described in the early 1980s as “a
poorly understood and hitherto
unnamed liver disease” [1].
Knowledge has evolved rapidly
over the past decades, NAFLD
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mortality as well as exerting an important role in several
extrahepatic manifestations. Currently, NAFLD is considered
amultisystem disease affecting a variety of extrahepatic organ
systems, including the cardiovascular system [4, 5]. The main
leading mortality cause in NAFLD patients is ischemic heart
disease (IHD) [4].

Electrocardiogram (ECG), a simple and widely used
method to assess the cardiac electric activity, identifies
and characterizes the existing or suspected cardiovascular
disease (CVD), and predicts future clinical events that might
be associated with cardiac function, also known as risk
stratification. Despite the current advances in several imaging
methods which detect structural alterations of the heart, ECG
remains a unique method to evaluate vital information related
to cardiac electrical activity, with the potential of diagnosing
life-threatening conditions including tachyarrhythmias,
bradyarrhythmias and ischemia.

Convincing evidence exists associating NAFLD with
several CV complications evaluated by an ECG, such as cardiac
arrhythmias (with atrial and ventricular origin), prolonged QT
interval and cardiac conduction alterations [atrioventricular
(AV) - and bundle branch blocks] [6].

Non-alcoholic fatty liver disease is an independent risk
factor for atrial fibrillation (AF), the most common cardiac
arrhythmia. Atrial fibrillation has an increasing prevalence
with age. It is associated with a significant morbidity and
mortality, and is one the most common causes of strokes
[7]. Several pathogenic mechanisms have been suggested to
link NAFLD with AF such as low adiponectin levels, insulin
resistance and renin angiotensin aldosterone system, as well as
promoting inflammation, oxidative stress and fibrosis through
common disease pathways.

Moreover, ventricular arrhythmias have been established to
be risk factors for sudden cardiac death (SCD). This association
might be partially elucidated by the prolongation of the
heart rate-corrected QT (QTc) interval that is also a known
cause of SCD [8]. Furthermore, several cardiac conduction
abnormalities have been found to be associated with NAFLD
such as right bundle branch block, AV blocks as well as atrial
conduction disturbances.

Cardiac arrhythmias including AF and ventricular
tachycardia, in addition to bundle branch blocks, findings that
were found to be associated with NAFLD, are predictive of
future adverse CV events and usually herald the existence of an
underlying CVD [9]. Therefore, the early detection of these ECG
findings is vital for the prevention of further complications.

This systematic review was conducted with the aim of
assessing the current literature regarding the risk of cardiac
arrhythmias and ECG modifications in NAFLD patients.

METHODS

We conducted this systematic review as per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.

Data Sources and Search Strategy
We performed a computerized search of PubMed database
looking for all observational studies assessing the association
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between NAFLD and any ECG findings including cardiac
arrhythmias of both atrial and ventricular origin, prolongation
of QTc interval, cardiac conduction abnormalities and
[HD findings on ECG. The search was conducted using the
following search string keywords (non-alcoholic fatty liver
disease OR NAFLD OR non-alcoholic steatohepatitis OR
non-alcoholic steatosis OR fatty liver disease) AND (atrial
fibrillation OR cardiac arrhythmia OR ventricular arrhythmia
OR ECG OR electrocardiogram OR cardiac conduction OR
QT interval). The literature search was carried out from
inception up to 22 February 2019 with no duration, language
or country restrictions. The titles and abstracts were reviewed
for appropriateness. Full text review of the selected articles
tulfilling the inclusion and exclusion criteria was performed.
Articles were assessed and data was extracted from eligible
studies independently by two authors (A.I.and ER.). Extracted
data discrepancies were resolved by mutual consensus. The final
data was collated and presented in the review text.

Eligibility Criteria

Original articles had to meet the following inclusion
criteria in order to be included in the systematic review:
(1) observational cohort population-based or hospital-
based, case-control studies or studies that are not yet fully
published but were presented as abstract, examining the
association between NAFLD and any ECG findings or cardiac
arrhythmias including atrial or ventricular arrhythmias; (2)
NAFLD diagnosis confirmed by detection of hepatic steatosis
using one of the following methods: biopsy or imaging
techniques - ultrasonography, computed tomography (CT),
magnetic resonance imaging (MRI), or surrogate markers
of NAFLD, such as the fatty liver index (FLI), which includes
in its equation anthropometric variables, serum triglyceride,
glucose, y-glutamyl transpeptidase (GGT) concentrations,
in the absence of other secondary causes of hepatic steatosis,
significant alcohol consumption based on each study definition
and other causes of CLD; (3) diagnosis of cardiac arrhythmias
performed on the basis of either standard ECG, 24 hour Holter
monitoring, echocardiography or International Classification
of Diseases (ICD) codes; (4) adult individuals (aged >18 years)
with no restrictions in terms of gender, race or ethnicity.

Exclusion criteria were as follows: (1) studies published
in languages other than English language; (2) case reports,
reviews, practice guidelines, commentaries and editorials;
(3) studies that included also subjects with significant alcohol
consumption or other known causes of CLD; (4) studies
including patients with confirmed cirrhosis of any etiology or
end-stage liver disease awaiting liver transplantation.

Quality Assessment

Quality assessment was performed using the quality
assessment tools from the National Heart, Lung, and Blood
Institute (NHLBI) for observational cohort, cross-sectional and
case-control studies, respectively. Two authors (A.I.and H.C.)
applied these tools independently. Each item on the evaluation
assessment tool was answered using one of the following: “yes”,
“no’, “not applicable”, “cannot determine”, or “not reported”
Upon completion of the evaluation, the studies were rated as
one of the following: “good”, “fair”, or “poor”. Studies that were
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rated as poor were accompanied with an explanation of our
rating. Any disagreement between the two authors was resolved
through a discussion and by consulting the third researcher
(D.D.). Eligibility of studies in this systematic review was not
affected by the results of the methodological quality assessment.

RESULTS

The initial search yielded 149 articles in addition to 2
other articles that were added from other sources (Fig. 1). No
duplicates were discovered. All the articles were assessed by
their title and abstract regarding fulfillment of the inclusion
and exclusion criteria. One hundred and fifty-one articles were
screened: (1) 37 reviews (literature reviews n=33, meta-analysis
n=2, systematic reviews and meta-analysis n=2), (2) 17 studies
performed on animals, (3) 20 studies in languages other than
English language (German n= 5, Russian n=>5, French n=2,
Ukrainian n=2, Japanese n=2, Korean n=1, Chinese n=1,
Italian n=1, Hebrew n=1), (4) 7 case reports or case series, (5)
50 other irrelevant studies to this review topic, (6) 22 article
abstracts that met the primary criteria. We excluded 129 studies
after the first screening. The remaining 22 articles underwent
a thorough reading and evaluation of the full text in order to
confirm fulfillment of our inclusion and exclusion criteria. One
article was excluded due to the presence of alcoholic hepatic
steatosis and another one was excluded as the full article was
not found. We finally analysed 20 papers [10-29].

The main characteristics of the studies included in this review
are summarized in Tables I-IV. This systematic review included
a total number of 401,745 individuals (236,397 individuals in
cohort studies, 164,588 individuals in cross-sectional studies and
700 individuals in a case-control study). The gender distribution
was higher for females (approximately 63%). NAFLD was
present in about 16% of the total study sample.

Fifteen studies had a cross-sectional study design, whereas
4 had a longitudinal cohort design and 1 had a case-control
design. Ten studies were undertaken in Europe (Italy n=5,
Finland n=2, Turkey n=2, Germany n=1), 5 studies in Asia
(Korea n=2, China n=1, Taiwan n=1, India n=1), 4 in the USA
(n=4), and 1 in the Middle East (Egypt n=1).

Definition of NAFLD

Hepatic steatosis in NAFLD can be diagnosed by either
imaging or histology in the absence of other secondary
causes of hepatic fat accumulation, such as significant alcohol
consumption, use of steatogenic medication or hereditary
disorders [30]. NAFLD is composed of a wide spectrum of
progressive liver disease ranging from non-alcoholic fatty
liver (NAFL), which might cause progressive non-alcoholic
steatohepatitis (NASH) and fibrosis, which may ultimately
lead to hepatocellular carcinoma. Several non-invasive
radiological imaging methods such as ultrasonography, CT
scan and MRI, as well as transient elastography (TE) with
controlled attenuated parameter (CAP) have been used to
diagnose NAFLD. Nevertheless, the current gold standard for
diagnosing NAFLD remains liver biopsy. Several scores based
on serological and biochemical tests have been developed lately
in order to act as surrogate markers for assessing the severity
of liver fibrosis without the need of histological examination
or imaging methods [30]. The diagnosis of NAFLD using
abdominal ultrasonography is usually performed by assessing
the echogenicity of the liver in comparison to that of the right
kidney and the diaphragm (31). In our review, most studies
used ultrasonography for diagnosing NAFLD (n=13) [11,
13, 18-27, 29], while others used both ultrasonography and
elastography (n=2) [10, 16], CT (n=2) [15, 28], either CT or
ultrasonography (n=1) [14], either ICD-9 code or biopsy (n=1)
[12] and 1 used FLI [17].
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Fig. 1. The PRISMA flow diagram for the search and selection processes of this systematic review.
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Cardiac Arrhythmias

A total of 12 studies assessed the association of NAFLD
and cardiac arrhythmias (Table I). Atrial fibrillation was
studied in 10 studies [10-12, 15-17, 19, 21, 25, 26], ventricular
arrhythmias in 1 study [20] and 1 study did not mention which
type of arrhythmia was present [28]. The diagnosis of cardiac
arrhythmias was mainly based on standard ECG (n=8) [10, 11,
15,17, 19, 21, 25, 26], 24-hour Holter ECG (n= 1) [20], ICD-9
(n=2) [12, 28] and ICD-10 code (n=1) [16].

Three cross-sectional and 3 longitudinal cohort studies
confirmed that NAFLD was significantly associated with AE,
independent of common confounding factors [17, 17, 25].

The relationship between NAFLD and ventricular
arrhythmias was evaluated only in one cross-sectional study
conducted by Mantovani A et al. [20] on 330 type 2 diabetic
patients, from who approximately 72% presented with
NAFLD. The study concluded that type 2 diabetic patients with
NAFLD independently associated a 3.5-fold increased risk of
prevalent ventricular arrhythmias (defined by > 30 premature
ventricular contractions per hour, non-sustained ventricular
tachycardia, or both on 24-hour Holter ECG) after adjusting
for several possible confounding factors.

Prolonged QTc interval
Two cross-sectional studies assessed the association between
NAFLD and prolongation of QTc interval (Table II) [22, 24].

Cardiac Conduction Abnormalities

A total of 3 cross-sectional studies and 1 case-control
study evaluated the relationship between NAFLD and cardiac
conduction abnormalities (Table III) [13, 14, 18, 27].

Table II. Prolongation of QTc Interval in NAFLD

ECG findings of Ischemic Heart Disease
Two cross-sectional studies evaluated the association
between NAFLD and ECG findings of IHD (Table IV) [23, 29].

Quality Assessment

NHLBI quality assessment tools were used to evaluate the
methodological quality of eligible studies that were included
in this systematic review (Supplementary Tables I-IV). The
outcomes of this assessment were used as a measure to evaluate
the internal validity and risk of bias for each study in a similar
manner. The rating of the overall quality was reported as
“good”, “fair”, or “poor”. Fourteen studies had an overall rating
of “good” [13-17, 19-26, 28], 4 studies were rated “fair” [10-
12,27,29], and 1 was rated “poor” [18]. In general, all studies
had a clearly stated research question or objective. Only one
study mentioned that hepatic steatosis in NAFLD patients was
assessed more than once over the study period [16]. All but 3
studies [12, 18, 27] were adjusted for key potential confounding
variables. Moreover, a few items of the quality assessment tools
were not reported in some of the included studies.

DISCUSSION

To the best of our current knowledge, this is the first
systematic review evaluating ECG abnormalities (including
AF and ventricular arrhythmias, conduction abnormalities,
prolonged QTc interval and IHD features) associated with
NAFLD. Our systematic review included 20 studies (15 cross-
sectional studies, 4 cohort studies, 1 case-control study) with an
approximate 400,000 individuals and found a strong evidence
associating NAFLD with AF, prolonged QTc interval and

First Publica- Country  Study Total Mean Age Diagnosis  Sex (%  Fatty Cardiac Main Findings
Author tion Design Subjects  (years) of FLD Male)  Liver assessment
Year (meantSD)/ Disease method
(Range) (%)
Hung CS 2015 Taiwan Cross- 31,116 Total Ultraso-  50.93% NAFLD ECG - NAFLD severity was
etal. [22] sectional 50.1+12.1 nography 41.42% associated with an
analysis of a increased risk for QTc
community- prolongation in the general
based study population with and
without diabetes even after
adjusting for common
causes associated with QTc
interval.
Targher G 2014 Italy Cross- 400 QTcinterval Ultraso-  58.75% NAFLD ECG - Mean QTc interval
etal. [24] sectional <416 ms nography 70% increased steadily
62+10 QTc with the presence and
interval ultrasonographic severity
>416 ms of NAFLD in type 2 DM
64+9 patients.
- NAFLD was associated

with increased

QTc interval even

after adjusting for

age, sex, smoking,

alcohol consumption,
BMI, hypertension,
electrocardiographic LVH,
diabetes-related variables
and comorbid conditions.

BMI: Body mass index; DM: Diabetes mellitus; ECG: Electrocardiogram; LVH: Left ventricular hypertrophy; NAFLD: Non-alcoholic fatty liver disease.
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Table III. Conduction Abnormalities in NAFLD

First Publica-

Author

tion Year

Country

Study
Design

Total
Subjects

Mean Age
(years)
(mean+SD)/
(Range)

Diagnosis
of FLD

Cardiac
assessment
method

Sex (%
Male)

Fatty
Liver
Disease
(%)

Main Findings

Mantovani 2017
Acetal.

[13]

Italy

Cross-
sectional
analysis of a
retrospective
hospital-
based
cohort

751

Ultraso-
nography

Without
heart block
64.0£13
With heart
block
70.0+11

NAFLD
69.8%

53.92% ECG

- The presence of
hepatic steatosis and

its severity grading
were independently
associated with a
higher risk of prevalent
cardiac conduction
defects defined by at
least one heart block
among AV blocks or
bundle branch blocks
even after adjusting for
potentially confounding
factors such as age,

sex, hypertension,
prior IHD, HbAlc,
microvascular
complication status and
use of medications.

Mangi MA 2017
etal. [14]

USA

Case-control
retrospective
study

700

Ultrasono-
graphy or
CT

57.9+15.3

41.8%  NAFLD ECG

58.28%

- Hepatic steatosis
was independently
associated with a
higher prevalence risk
of conduction defects
defined by at least one
heart block among AV
node blocks or bundle
branch blocks.

Ozveren O 2016
etal. [18]

Turkey

Cross-
sectional

81

Ultraso-
nography

NAFLD
4249
Controls
4146

NAFLD  Echocar-
72.83%  diography,
ECG

50.61%

- Atrial conduction was
impaired in patients
with NAFLD assessed
by electromechanical
delay derived from
Doppler tissue
echocardiography
examination and
P-wave dispersion
calculated from the 12-
lead electrocardiogram.

Ozveren O 2016
etal. [18]

Turkey

Cross-
sectional

81

NAFLD
42+9
Controls
41+6

Ultraso-
nography

NAFLD  Echocar-
72.83%  diography,
ECG

50.61%

- Atrial conduction was
impaired in patients
with NAFLD assessed
by electromechanical
delay derived from
Doppler tissue
echocardiography
examination and
P-wave dispersion
calculated from the 12-
lead electrocardiogram.

Iscen S 2013

[27]

Turkey

Cross-
sectional

2,200

With RBBB
32.1+2.2
Without
RBBB
32.4+2.1

Ultraso-
nography

100% NAFLD ECG

5%

- RBBB is associated
with an increased
prevalence of NAFLD
in young healthy
individuals.

AF - Atrial fibrillation; AV - Atrioventricular; CT - Computed tomography; ECG - Electrocardiogram; HbAlc - Glycated hemoglobin; IHD - Ischemic

heart disease; NAFLD - Non-alcoholic fatty liver disease; RBBB — Right bundle branch block.

cardiac conduction abnormalities. Most of these associations
were found to be independently associated with NAFLD
regardless of traditional risk factors across a wide range of
patient population.

Our review evaluated the association between NAFLD and
ECG changes, as well as identified several issues that require
further discussion. Firstly, we observed that the prevalence

of NAFLD was approximately 16%, in agreement with the
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Table IV. Ischemic Heart Disease findings on ECG in NAFLD

First Publica- Country Study Total Mean Age Diagnosis Sex (%  Fatty Cardiac Main Findings
Author  tion Design Subjects  (years) of FLD Male) Liver assessment
Year (mean+SD)/ Disease method
(Range) (%)
Vendhan 2014 India Cross- 541 Non- Ultraso-  47.87% NAFLD ECG - Multiple logistic regression
Retal sectional NAFLD nography 32% analysis showed a significant
[23] 42+13 association between nonobese
Non-obese NAFLD and CAD defined by
NAFLD ECG changes including ST-
46+14 segment depression, Q-wave
Overweight changes, or T-wave changes
NAFLD associated with THD even after
46+11 adjusting for age, diabetes,
hypercholesterolemia, HOMA-
IR, and hypertension.
LeeSet 2006 Korea Cross- 150 NAFLD Ultraso- ~ 33.33% NAFLD ECG - NAFLD was associated with
al. [29] sectional 49.19+12.9  nography 33.33% hypertriglyceridemia, impaired
Controls fasting glucose, silent myocardial
47.89+10.5 ischemic pattern of ECG, obesity,

and abnormal liver tests in adults.
- Obesity was the only
independent factor associated
with NAFLD.

CAD: Coronary artery disease; ECG: Electrocardiogram; HOMA-IR: Homeostatic model assessment — insulin resistance; IHD: Ischemic heart disease;

NAFLD: Non-alcoholic fatty liver disease.

study by Clark et al. [32], which estimated the prevalence of
NAFLD ranging between 3% to 24%. Moreover, a more recent
meta-analysis by Younossi et al. [33] assessing the prevalence,
incidence and outcomes of NAFLD involving 86 studies with
a study sample size of 8,515,431 from 22 countries estimated
that the global prevalence of NAFLD was 25.24%. They also
mentioned that the highest prevalence was in the Middle East
and South America and the lowest one in Africa. One study in
our systematic review conducted in Egypt demonstrated a high
prevalence of NAFLD, similar to the findings of Younossi et
al. [33], but the highest prevalence in their study was actually
found in Italy and Turkey. This might be explained by the fact
that these studies were mainly either hospital-based studies or
involving diabetic patients, who are known to have an increased
risk of developing NAFLD and metabolic syndrome (MetS).
Secondly, we observed a wide variability in the methods
used to diagnose NAFLD. A positive diagnosis of NAFLD can
be confirmed by imaging methods or histology [30]. The solo
use of liver enzymes in diagnosing NAFLD is debatable, as
they may be normal in up to 70% of patients [34]. At present,
ultrasonography remains the most common investigational
method to diagnose NAFLD, as demonstrated by most studies
in our review. Although ultrasonography demonstrates a low
sensitivity when hepatic steatosis is less than 20% on biopsy; it
still remains the preferred initial first-line imaging method to
evaluate liver fat [35]. A meta-analysis conducted by Hernaez
etal. [36] concluded that liver ultrasonography was an accurate
and reliable tool to detect moderate to severe hepatic steatosis,
with sensitivity and specificity of 84.8% and 93.6%, respectively.
Compared to ultrasonography, CT scan use was limited to
fewer studies. Transient elastography is one of the few efficient
imaging methods of assessing and grading hepatic steatosis and
fibrosis [37]. In our study, only in two articles TE was used.
Other imaging modalities used to diagnose NAFLD are MRI

] Gastrointestin Liver Dis, December 2019 Vol. 28 No 4: 483-493

and magnetic resonance spectroscopy, but they are relatively
expensive and time consuming [37].

Thirdly, we found an increased risk of developing cardiac
arrhythmias such as AF and ventricular arrhythmias in NAFLD
patients. The recent meta-analysis by Mantovani et al. [38]
involving 9 cross-sectional and longitudinal studies with a
study sample of 364,919 subjects concluded that NAFLD was
associated with an increased risk of AF in middle-aged and
elderly subjects especially type 2 diabetics. Another meta-analysis
assessing the relationship between NAFLD and AF conducted
by Wijarnpreecha et al. [39] involving 5 studies out of which
2 were cross-sectional studies and 3 were cohort studies with
238,129 participants concluded that NAFLD patients were at
a significantly increased risk for developing AF compared to
subjects without NAFLD. In addition, other reviews confirmed
the association between NAFLD and AF [40, 41]. To date, only
in the cross-sectional study conducted by Mantovani A et al.
[20] an increased risk of ventricular arrhythmias in diabetic
patients with NAFLD was reported. This relationship has not
been evaluated yet in NAFLD patients without DM. The exact
pathogenic causes associating NAFLD with cardiac arrhythmias
remain unknown. Several factors have been suggested to be
involved in this mechanistic complicated relationship involving
structural, functional and biological alterations. Mantovani [42]
conducted a recent literature review explaining several possible
mechanisms involved in the increased risk of cardiac arrhythmias
in NAFLD. He mentioned that dysglycemia, insulin resistance,
atherogenic dyslipidemia, chronic inflammation, oxidative stress,
hypercoagulable or procoagulant states and left ventricular
dysfunction, pathological processes found in NAFLD could
cause structural and electrical cardiac alterations, leading to an
increased risk of atrial and ventricular arrhythmias in addition
to a prolonged QTc interval. Two studies evaluated the presence
of a prolonged QTc interval in NAFLD patients demonstrating
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that the presence of NAFLD as well as hepatic steatosis severity
were independently associated with a prolonged QTc interval
even after adjusting for common confounding factors, which
can further lead to an increased risk of SCD [22, 24].

Fourthly, we noticed that NAFLD patients had an
independent increased risk for developing cardiac conduction
alterations such as AV blocks and bundle branch blocks.
The exact mechanism behind this finding is not established.
Possible attributable causes might be due to the structural
and functional cardiac modifications present in patients with
NAFLD such as left ventricular diastolic dysfunction, LVH,
left atrial enlargement, heart failure, coronary atherosclerosis,
IHD, aortic valvular sclerosis, mitral annular calcification as
well as cardiac arrhythmias [43].

Fifthly, although NAFLD is well known to be associated with
coronary artery disease as well as subclinical atherosclerotic
disease, our systematic review identified the paucity of the
presence of ECG modifications associating NAFLD with
[HD. Further studies are required to confirm this association.
Currently, only two cross-sectional studies assessed this
relationship as described in the results section. Epicardial
adipose tissue is a strong predictor of metabolic syndrome
and obesity, which are known risk factors for CVD leading
to several CV complications such as IHD, subclinical
atherosclerosis, as well as diastolic dysfunction [44-47].

Quality assessment of the included studies demonstrated
that most of them had good methodological quality and a
low risk of bias and supported the association of NAFLD with
AF, ventricular arrhythmias, prolonged QTc interval, cardiac
conduction alterations and ECG findings of IHD.

Some important potential limitations in our systematic
review should be mentioned. We analyzed only the studies
published in PubMed. The observational design of the
studies mentioned in this review does not establish a clear
causal correlation between NAFLD and cardiac arrhythmias,
cardiac conduction abnormalities, IHD findings on ECG or
a prolonged QTc interval. Most studies diagnosed cardiac
arrhythmias using a standard ECG and not through a 24-hour
Holter ECG, so that in some subjects paroxysmal cardiac
arrhythmias might have been missed. Ventricular arrhythmias
have been evaluated only in one study involving NAFLD
patients with type 2 DM which does not make this finding
generalizable on all NAFLD patients. Finally, most studies
used ultrasonography and to a lesser extent CT, TE, FLI and
ICD codes to assess hepatic steatosis; only one study used liver
biopsy which is the current gold standard for diagnosing and
staging of NAFLD [48].

Despite the previously mentioned limitations, our systematic
review has also important strengths. We believe that the topic of
our systematic review is practically and clinically relevant due
to the rapid increase in the prevalence of NAFLD in addition
to other cardiac arrhythmias such as AF worldwide. This
systematic review provides the most updated evaluation about
the relationship between NAFLD and ECG findings including
cardiac arrhythmias of atrial and ventricular origin, cardiac
conduction abnormalities, prolonged QTc interval as well as IHD.

Future research involving larger cohort studies of well
characterized NAFLD patients is required to evaluate possible
pathophysiological mechanisms underlying the relationship

associating NAFLD and liver fibrosis severity with cardiac
arrhythmias, prolonged QTc interval and conduction
anomalies.

CONCLUSION

The present systematic review demonstrates a significant
association of NAFLD with cardiac arrhythmias, prolongation
of QTc interval, IHD findings on ECG and cardiac conduction
alterations. It supports the role of NAFLD as an independent
predictor of CVD. We emphasize the importance of performing
a thorough ECG assessment in NAFLD patients.
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etal. [10] etal. [12] al. [11] al. [15] Al et al. [16] et al. [20]

1. Was the research question or objective in this paper clearly stated? Yes Yes Yes Yes Yes Yes

2. Was the study population clearly specified and defined? CD Yes Yes Yes Yes Yes

3. Was the participation rate of eligible persons at least 50%7? CD Yes Yes Yes No Yes

4. Were all the subjects selected or recruited from the same or similar populations CD Yes Yes Yes Yes Yes

(including the same time period)? Were inclusion and exclusion criteria for being in the

study prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect estimates No Yes No Yes Yes Yes

provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the No No No Yes No No

outcome(s) being measured?

7. Was the time frame sufficient so that one could reasonably expect to see an association No No No Yes No No

between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different levels of Yes No No No Yes No

the exposure as related to the outcome (e.qg., categories of exposure, or exposure measured

as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and Yes Yes Yes Yes Yes Yes

implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time? No No No No Yes No

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and Yes Yes No Yes Yes Yes

implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants? Yes NR Yes NR Yes NR

13. Was loss to follow-up after baseline 20% or less? NA NA NA NR NA NA

14. Were key potential confounding variables measured and adjusted statistically for their Yes No Yes Yes Yes Yes

impact on the relationship between exposure(s) and outcome(s)?

Rating Fair Fair Fair Good Good Good

Available at: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools. CD, cannot determine; NA, not applicable; NR, not reported.

Five out of the seven studies rated as “good” [16, 17, 21, 25, 26], that evaluated the relationship between NAFLD and atrial fibrillation demonstrated that NAFLD is independently associated
with atrial fibrillation, while the other two studies disagreed with this association [15, 19]. The remaining three studies supporting this relationship were rated as “fair” [10-12]. Ventricular
arrhythmias in NAFLD patients was evaluated in one study that was rated as “good” and supported this association [20]. On the other hand, one study rated as “good” reported that severe
steatosis lacked predictive value for cardiovascular outcomes in NAFLD patients.


https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

Supplementary Table I1. Continued NHLBI Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies

Criteria You SC et Markus MR | Ké&rgjamaki Dunn MAet | Targher Get | Targher G
al. [17] etal. [19] Al etal. [21] al. [28] al. [25] et al. [26]

1. Was the research question or objective in this paper clearly stated? Yes Yes Yes Yes Yes Yes

2. Was the study population clearly specified and defined? Yes Yes Yes Yes Yes Yes

3. Was the participation rate of eligible persons at least 50%7? Yes Yes Yes Yes No Yes

4. Were all the subjects selected or recruited from the same or similar populations (including | Yes Yes Yes Yes Yes Yes

the same time period)? Were inclusion and exclusion criteria for being in the study

prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect estimates No Yes Yes Yes Yes Yes

provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the Yes No No No Yes No

outcome(s) being measured?

7. Was the time frame sufficient so that one could reasonably expect to see an association Yes No Yes No Yes No

between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different levels of Yes Yes Yes Yes No No

the exposure as related to the outcome (e.qg., categories of exposure, or exposure measured

as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and Yes Yes Yes Yes Yes Yes

implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time? CD No No No No No

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and No Yes Yes Yes Yes Yes

implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants? NR Yes Yes NR Yes Yes

13. Was loss to follow-up after baseline 20% or less? NR NA NR NA NR NA

14. Were key potential confounding variables measured and adjusted statistically for their Yes Yes Yes Yes Yes Yes

impact on the relationship between exposure(s) and outcome(s)?

Rating Good Good Good Good Good Good

Available at: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools. CD, cannot determine; NA, not applicable; NR, not reported.



https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

Supplementary Table 111. Continued NHLBI Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies

Criteria Hung CSet | Targher G Mantovani A | Ozveren O iscen S [27] | VendhanR | LeeSet
al. [22] etal. [24] etal. [13] etal. [18] etal. [23] al. [29]

1. Was the research question or objective in this paper clearly stated? Yes Yes Yes Yes Yes Yes Yes

2. Was the study population clearly specified and defined? Yes Yes Yes No Yes Yes Yes

3. Was the participation rate of eligible persons at least 50%7? Yes No Yes CD Yes No No

4. Were all the subjects selected or recruited from the same or similar populations Yes Yes Yes CD Yes Yes Yes

(including the same time period)? Were inclusion and exclusion criteria for being

in the study prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect Yes Yes Yes No Yes Yes No

estimates provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior to | No No No No No No No

the outcome(s) being measured?

7. Was the time frame sufficient so that one could reasonably expect to see an No No No No No No No

association between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different Yes Yes Yes Yes NA Yes Yes

levels of the exposure as related to the outcome (e.g., categories of exposure, or

exposure measured as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, Yes Yes Yes Yes Yes Yes Yes

reliable, and implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time? No No No No No No No

11. Were the outcome measures (dependent variables) clearly defined, valid, Yes Yes Yes Yes Yes Yes Yes

reliable, and implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants? NR Yes Yes Yes Yes Yes Yes

13. Was loss to follow-up after baseline 20% or less? NA NA NA NA NA NA NA

14. Were key potential confounding variables measured and adjusted statistically Yes Yes Yes No No Yes Yes

for their impact on the relationship between exposure(s) and outcome(s)?

Rating Good Good Good Poor* Fair Good Fair

Available at: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools. CD, cannot determine; NA, not applicable; NR, not reported.

* Additional Comments (If POOR, please state why): The study lacked description regarding the study population explaining whether this is a hospital-based or community-based study,
whether the cases and controls were from the same or a similar population or not. Furthermore, no justification for the sample size was performed and no statistical adjustment was performed

for key potential confounding variables. However, they only excluded patients with clinical diagnosis of hypertension and diabetes mellitus.

The two studies evaluating QTc interval in NAFLD, both being rated as “good” supported that prolonged QTc interval is independently associated with the severity of NAFLD [22, 24].
Moreover, out of the fours studies that evaluated cardiac conduction abnormalities in NAFLD and supported this association, two were rated as “good” [13, 14], one was rated as “fair” [27], and
one as “poor” [18]. Furthermore, IHD findings evaluated by ECG in NAFLD patients was evaluated in two studies. One study was rated as “good” and supported this association independently

[23], while the other was rated as “fair” and concluded that NAFLD isn’t an independent factor associated with IHD findings on ECG [29].



https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

Supplementary Table 1V. NHLBI Quality Assessment of Case-Control Studies

Criteria Mangi MA et al.
[14]
1. Was the research question or objective in this paper clearly stated and appropriate? Yes
2. Was the study population clearly specified and defined? Yes
3. Did the authors include a sample size justification? Yes
4. Were controls selected or recruited from the same or similar population that gave rise to the cases (including the same timeframe)? Yes
5. Were the definitions, inclusion and exclusion criteria, algorithms or processes used to identify or select cases and controls valid, reliable, and implemented Yes
consistently across all study participants?
6. Were the cases clearly defined and differentiated from controls? Yes
7. If less than 100 percent of eligible cases and/or controls were selected for the study, were the cases and/or controls randomly selected from those eligible? NA
8. Was there use of concurrent controls? Yes
9. Were the investigators able to confirm that the exposure/risk occurred prior to the development of the condition or event that defined a participant as a case? Yes
10. Were the measures of exposure/risk clearly defined, valid, reliable, and implemented consistently (including the same time period) across all study participants? Yes
11. Were the assessors of exposure/risk blinded to the case or control status of participants? NR
12. Were key potential confounding variables measured and adjusted statistically in the analyses? If matching was used, did the investigators account for matching Yes
during study analysis?
Rating Good

Available at: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools. CD, cannot determine; NA, not applicable; NR, not reported.
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